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Inference & DiscourseN Anapbora 



Introduction 
c 



If cine considers the question^ of 'what ' is accessible to, 

/ 

anaphoric reference in English, 'one soon finds that none of the, 
simple answers - text striTfigs, pieces of syntactic • structure, 
cons,t ituents of log ical, * form - is adequate. The following 
examples should provide suff ic ient grounds f,or'this claim. . For 
eacH urvderlined anaphoric expression, th^e intuitively correct 
anteqedent is just as intuitively neitlier a substring nor a 
constitiaent of a ^ syntactic or "logical form" repi;esent-at ion of 
the sentence. . 

(1) Wendy is goin^ to Spain and Bruce is^ going* to Crete, but 
in neither case do I know why 0.* * * 

0^= that person is g.oing wh.ere s/he is going. 
* 

(2) Irv and Martha wanted to dance tbgether, but Martha's 
mother said that sjie couldn't 0,. • 

0 = dance with Irv ' ' • ^ 

(3) Each 3rd-grade girl brought Wendy a brlpk. On a dare,^ 
she stacked fchera in'to a 10-foot^ high* w all . 

thep the set of bricks, e^ch of whic^ some' B^r'cJ-tgrade/ 
girl brought to"*- Wendy ' ^ - ' ^ . 



(4) Blend a cup of flour with, some butter. • Moisten it with 
some milk, then knead it into a ball. 

-it = the 'flour-butter mixture. 

(5) Whether Bruce buys a used car or a moped, his brother 
will' want" to*borrow it. ^, . ' 
it = the used car Bruce wiW have brought if Briice buys a 

' used car or the moped Bruc^ will^have bough^ otherwise • 

(6) I have a .'71 Ch. Figeac, a '76 'Fleurie, a '71 Ockfener' 
Bockstein and a '73 Durkheimfer Feuerberg in the cellaV . 
Shaii we -have the Qerman^ ones for dinner , tonight? 

ones - wines 
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(Notice that these examples^ span a .variety, of anaphoric, 
processes: sluicing (example If] verb phrase l elLipsis 

(.example 2)^, .definite pronoun anaphora (ej^amplps and 
"one"-anaph.o/a '(example 6)/ Thus it should be clear that thfe 
epcistence of non-explicit antecedents i? not ah isolated 
phehcfinenon • ) * • 

Now one way o'f accounting for the existence of non-fexplicit 

antecedents in ^ discourse is* to say that "inference" is 

responsi'bTe • However as it is obvious that the discourse does 

not tell Jth^ listener explicitly what inferences to make, then 

one must still explain the fact that to a remarkable degree, bo.th 

spQaiter apd listener are reasoning in similar ways. This raises*" 

the fo](lowing twc^ que.^t ions : ^ ^ 

1. What is it that g*uar*antees similar neasonmg on the part 
of both discourse f).ar t ic ipa^ts? * ^. 

Is there, a lim'it to \th^ kind of reasoning that^ the 
•discourse participants^, might be willing to perform in' 
' ' order* to derive a*nteceSents-? 

My primary objective in this paper is to respond to th<e .first 
question, In doin(^ so\.I shall 'charge ter ize some very prod\jc'tive 
inferences' which can account for many of the non-explicit 
antecedents' of .anaphoric express io/sT While I shall not respond 
directly to the second question^ my hope is tliat by" identifying 
such inferences, it may become answerable as well,, 



It^ the first 'part 



Inference- & Discourse Anaphora • 
jf this paper I shall be discussing two, 



types of "d6ep anaphora", (-cfl. Hankamer &■ Sag '(1976)) - definite 
prono,uns and "one"-anaphora| - and in the'*§econd, a single type of 
"surface anaphqra" - verb pftrase^ ellipsis. I have made this 
divisibn ,sof as to provok^ think'ing about other typ.es of "deep" 
anaphora -^e'.g./ "do it" anaphora, "sentential,, it""; anaphora 
along the lines presented Un the firsi part of the paper, 'and 

\ ' ' ' 

about 'other types of "surface"- anaphora - e.g., sluicing, 



stripping, etC). - along the lines presented* in the second. 



•<*1> 



^ 2. Inferen)6e and Deep Anaphora 



V 



2.1 Discourse Models 



One possible response to the question of what would guarantee 
similar reasoning' .on the part of both discourse participants is to. 
invoke the jiotion of a discourse model - . a concept fre^quently 
encountered in Artificial Intelligence literature' on- natural 
language understanding . This notion ^permits a clean account to be 
given ^ both the role of iinference m text-understanding^ 

(Collins., Brown & Larkin, 1977) and,, jof the itemsjj^ccessible to 
,"deep'"-anaphora. ' ' ^ \ 

Informally, a discourse model <nay be described as the -set of 
entities' "naturajlly fevoked" by a discourse and i inked, .together , by 



-T-hX-s "paper -isi^ullpd from ' the author's.' doctoral 

disserta'tion (Nash-Webb'er', 1978') to which ".interested readers are 



refer re'4,'- for further discussion, 
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the relations they participate in. These I^.will call discourse 
entities. (I can see no basic difference between what I am 
^'^alling "discoursjg entities" and what i<arttunen (1976)^ ha-s dalled 
"discourse *referents^' . My alternate terminology rests *bn wanting 

to /teeep "refet-Qnt" a separate technicfal term.) The entities 

# ' . . J ' 

, "na'turally evoked" by the discourse may h^ve the properties of 

ijndividualSr' sets, stuff, events, activities, etc. 

, In order to becom^ familiar ,with the notion of entities 
/^niturally evoked" by a discounse, consider the ^following sentence. 

^ (7) Each 3rd-grade girl brought a brick to Wendy's house. 

Then consider eath continuation in (8a-e) . In eac^ cas^., I wcruld 

label the re'ferejnt ' of the definite pronoun (i.e., "she", "it" or 

"they") an entity "naturally evoke^J" by'^seRtence (7) . ' 

(8)a. She certainly was surprised. 

she- # Wendy • , . > 

b'. They ,k.new she would be surprised. \' * ^ 

.they = the set of -Srd-grade girls 

* c-. She piled them on t1ne front lawn. 

them - the set of bricks, each of which some Srd-grade 
girl brought to Wendy's house . 

d. She was surprised that they knew where it was. 

it = Wendy's house - ' - 

e. Needless to say, it surprised her. • ' ' ' 
it = the brick-presenting event 

It i^' my assumption .that' one objective of discourse 'is to 



communicate a model: the speaker/ has a model of some situation 
which, for one rea*son or anbther, s/he wishes to communicate to a 
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t 

listener. Thus the ensuing discourse is an^attempt by the. speaker 
^to direct the. listener in synthesizing a similar^.mo^el . 

Formally, a discourse, model is a collection of entities, 
their properties and the relations they participate in. At , any 

^ • " ' 7T'' " 

point in the discourse moreover/ the discourse model validates the 
sequence I of propositions embodied in the discourse up to that' 
^point. Now a speaker is usually not able to commuhicate at once 
all the ' relevant properties, and- relatio^ns associated with .one of" 
these discourse entities.^ That *ta^k requires multiple acts of 
reference, when the speak-er wa^its to refer to an entity in his or 
her discourse model, s/he may do so w.ith a definite pronoun. In 

so doing, the speaker assumes (1) that on- the basis of ±he 

I 

discourse thus far,, a similar entity will be in th%^ listener's 
(partially formed), model and (2)| that the listener will be able to 
access and identify that entity, via the minimal cues of pronominal 
reference. A definite pronoun then has a referent, which is an 
entity in the speaker's discourse model which s/he presumes t,o, 
have a counterpart in the listener's discourse model. 

Alternatively, the speaker may refer to a discourse entity by 
constructing a description of it in terms of sorrte. or ^11. of its 
known properties and/or relations . (e,g , , "a red balloon", "Mary's 
mother", etc.). This may result. in "an entity being* evoked into 
•the^ listener's discourse model having at least the properties (or 
participating in the relations) * mentioned in the given 
description. So while a discourse entity may be the referent of a 



' ' IhferencJfit Discou/se- Anaphora 

* • ■ f * ■ . 

y / ■ ^ .•( * • . -r , , * 

^ d^fin^it^ * pronoun^ the pronoun^' s antecedent' will^ be that 

. description conveyed by the immediately preceding text* .The 

relationship between .the discourse or the ' sp^t io-tempor'al context 

* ,.on the one h^nd, and -the referents of definite pronouns on the 



'-'^ inB'irect"" one'i mediated' ,by ' the discourse 

participants' models. The discourse, in communicating property 
and relation information, serves as' one possible source of 

• V 9 

antecedent 'descr ipt ions and t,hus, indirectly, as one possible 
* source of ' referents • ' 

As * for. the role of "Dne-^'-anaphora (exatnple (6)) in thi^s 
scheme of things^, I am assufning that a "(;)ne"-ariaphor substitutes 
for a description. This description is in turn its antecedent.. 
There are at least two possibly rea'sons a speaker may have for 
using a "one"-»anaphor in discourse: brevity and contrast. When a 
speaker builds a noun phrase oaround a " "one"-anaphor , any 
additional modifiers in the noun phrase can serve to differentiate 
and contrast 'the current description with some set of alternatives 

* which ,the speaker perceives or believes the Ij^stener to be aware 
of. Where the anaphor-containin'g noun phrase is being used 
referent ially (i.e., ^o evoke or pick^ out a particular entity in 
the listener's discourse model), th6se modifiers serve to 
distinguish the noun phrases 's intended referent- from other 

'. entities in' the model. (This" last idea derives from 'Olsort 
(1970).) 
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2.2 Sources of Antecedents and Referents 

Th^ role of inference in the. scheme ^.becomes clear as one. 
considers how discourse entities can 6e evoked into "ttJ^e listener's 



"distronr sb* ^ nrade* 1 



" There 'are thTse' "sacrh" -vrays ™iTr^ " which r-discaOT-^^- 



entities' can pe evoked: (rL) linguistically, from tl^e explicit 
discourse; (2) perceptually from the 'immediate spat io--temporal 
environment; and (3). inf erent ially , reasoning from the existence 
of particular other discourse entities. (P^rc^ptual e^ocatkon of 
discourse Entities is another way of looking^ at the "pr a'gmat ically 
controlled" definite pronoun^ discussed in Hankamer & Sag (1976).) 

Inference also has a role in the formation of descriptions, 
in that the same -three sources ^ as^ above grovide - their /aw 
.material. The first source .of descriptions is the discourse 
itself, with the language inducing particular waysf of viewing and 
describing things. These things miay or nay not correspond then to 
entities in the listener's discourse model. ^Notice, for example, 
that a£ter Sentence -(9) one would not presume any tie-dyed 
T-shirts .to be in thatT model, since the original sentence is a 
negative assertion. ^ 

(9) Wendy didn't give either boy a tie-dyed T-shirt. 
However 'tire existence of, any jceferent is irrelevant^ to the 

jJescr ipticTn , "^tie-dyed T-shirt" ^being a possible antecedent foj 

9 • " ' • ' 

"one" in sentence (10). . ' ' ; • 

■J 

(10 ) . However , sh,e did give Janet »a red one. • i 
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The^ second source of descriptions is .the extern.^1 
environmetit . As .mentioned above, an.* entity may be evoked into the ^ 
speaker or listener's discourse model as a result of , what s/he 
V^rceives." How it is described will * depend upon how ' s/he ' ' - . 



classifies tha't percep^ioTi ling\listically. As Vei;. as it can be 
^prese^nted oh paper.^ ±he following is an example of a "one"-anaphQr 



substituting fc^r ]the speaker's description of .some sense /, 

perception. ^ ' \ '^7<*^^ 

' (11) [Bonnie goes up to a balloon man at the ci rcus^'and. sayq] 

, "Do yo\i have a ^^lae one with green stripes." " d' ^ ^ 

^ one = balloo§ ' • ^ ' ' - ^ ^ . / ^* 

.A,gain as with discourse -entities, th^ third >so.urce of 
, ^ • ' . - ^ - . \" ^ ^ . • 

^descriptions is inference. The speak^ assumes the • list^ener ^c'an 

and will follow the .speaker-' s unspoken • lead to int^r: 

1. from description .6-^ of some entity in his 6r ^„ her 
, discourse model; * another descriptibn ^2 of th^tr' same 

entity; / 'I 

2. from entities e^,...,e^ with" descriptioris » d£', ..,.yd^ 
respect ively^ a new discourse ent;ity t^|^ v/ith description 

For* instance,, imseritence 8 of the ihcrodncjtory set of ej^amples,. 
the speaker assumes that the >ist*ener both can arid ^will. ipfer ffonfj 
description "Ch. Figeac '71^^ another ,descr ipt ion for that Vam'e 
entity --namely "wine". Similarly for the descr ipt ions ' "''76 • 

. ^ ' ^ ' ^ 

Fledr le" "Ockf ener Bockstein '75" and "Durkheimer Ffeuerberg '75".-.- 
i* The "one"-anaphor then substitutes for the non-eKplicit^^ sh^r^d ^ 
descr iption ■ "vine" . . ' • 



V' 



4 . 'Inference & Discourse Jtn^p^jpra 

in -summ'ary, Inference </i^ be a source of -both no.n-explic:it 

. . f*' ' . ' , ' /V^\ ^ • ^ • . I ^ ' 

discourse entities ^and***.. n^or^-a-xplioitL descr ipt ions', providled fehat 
the following' cqnt^ract 'betweeo^Speaker and Listener is maintained: 
if^ the speaker ;ds%^s?>^.O^aW^^ whose, antecedent ' or 

referent w^s^inf erenjt ^ derived,^ s/^e ^must have reason . td^; 
believe that 'the Ai^tener '.both can ^ and will make the - same 



inference (even if / only t^o '. resolve. ^ the.ana^oric termX. -The 
problem now becomes one of either characterizing or enumerating 
such inferences. * • v ' . ' ' 



/ 

/ 



' The first ^Irhing/ to observe is that not all' chains. 6f 

reasoning will' p-roduce as sfpe -effects j;^fther ^n'ew^ > diTS course' 

entitles or ney descriptions. . E'er ekamplej,' consider the following. 

as the first '^^enteiice of a discourse, ' > ^ ' ^ ^ *^ 

^ (1-2) You v^on't believe this, bUt I saw Wendy ' s "mother at the 
Led /ze'ppeiin movie l,ast riight, and he wasn't with her. 

Who does /the speaker presume ^the listener will identify as tlje * 

refer.ent. 6f "he" in* this examp^^e? It is.* clear; th'at the »text 

itself i's no help. ^ - ' - ' 



<*2>. I unsuccessfully intended the "pronoun to refer to Wendy's 
father. Tfie pointy is' that m'er^e-ty an^"if mother, then fatheri' 
axiom ^ ' ^ y ^ - / ^ 

. (Vx)((Ey) . / = Tiiother-of (x) •] . ' • , 

A. _ ■ ==> [^(Ez) . z = father-Off (x) ] . / • ... 

' , ' ■ '■ . - - . • 

iVe.v "for any ^x, if^ there e/^sts ^an individual who ijs x's 
mother*, . 'then there exists^ an individual who is x*s father'*, 'true' ^> 
as it'^may\be the curr/ent world, stilj. no't sufficient to 

yield a referent for "he" in 'senteriise (12). That is,^ "he".cannQt 
refer to . Wendy's / father, ^Solely ^by srirtMe of mentioning her ^ 
mother.^ / * ' / ^ ■ * . * - ^' ' . . 
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. The second thing to i^serve is that the^range of* , inferences * 
capable. of \proViding referents- for each type of deep anaphora will 
va-ry.' * Fprtiexample, compare the- followipg^ two examples,: ;the ,f-irst 
contains a dqfinite pronoun, the seco'rid/ an ^napharic ' def ini|te 
description; 



(13) Wendy rai) into {;he/kitch,en and opened, it. (14) Wendy ^ran 
^, • '.^ i'nto the ^k,rtcheil and opened^ the refrigerator: ' 

Here " the* ref r igerator" refe/s^'to thevdisc/ourj!ef^lHM 

as /"the refrigerator in t):fe5^'Ust-ment4oned^ 

intoV This entity, inferable by a' -highly salient and rarely 
false "if;.Xitchen then refr i^Vator," /axiom-, is 'not .accessible via 
the minimal Ques* of pronominal* -refererfce. -(^ Artificial 
Intelligence terms, the saliency o.f a collection of p.n'ferfehces is « 
ensured by their being, packaged together into ^ a data-structure 

^called a Cranie, "^chema pr script, m this pafJer I shall only be 
concerned \^ith inferences capabld Qf pravidii^ an^teoedents' and'/or 
referents ,for pronominal^ or elliptic anaphora FoT^ interest ing' 

discussions of" ana'phbric detijiite descriptiprfe, see' • Bullwinkle 
(1977),, Chal-niak' (197.3)-,'* Grosz " (1977), Hobbs (1976) and Rieger'' 
(1974) .) . • ' ' . 



l^ow urffg^unately', there ^re^ no 'hard aitd fast ""^ul^^ whifh / 
.delimit ^ the ^ class 6fi inferences which tan ' e^i^e^ a'(^e^abtet' 
antecedents or referents for definite pronoun or "one"-ariaphora , 
In -general ^ the success of a 'par t^ical^V -inference^ In evok^ing ^ 
discourse, .entity or a description will depend on (1). it^ • sali^ncy 

^ f ■ . ^ « ♦ 

ill the particular context;' (2) its contingency (i.e., -.how likely 



, . ' % Inference Discourse, Anaphora. 

it i^to be valid in' that context); and' (3) the pressure of 
simultaneous demands on the, ,listeneV's limited processing 

' ^\ ■ 

. .^resburees. . • , ' . , 

' .How^verv while L.pannot characterize rn terms of^ its' defining 

properties the cl^ss^pf relevant inferences, I can li-st explicitly 

some very productive inf^erencje^ which- vould have' to be .included in, 

any account bf non-explicit antecedents. ^WHile space limits me- to 

presenting only three such inferences here/ ^others caa be found in 

Nash-Webber (1978). (In the following7\l will present -the axiom 

schemata used in " inf err ing^ antecedents/ and relerents" in terms of 

a. .'modified predicate calculus whose" augmentations include the 

abstraction (or "lambda") operator ( X ) ^ the iota operator ) 

for. ^ farming definite de^Scr ipt iqns ^ equality,* restricted 

ft . ♦ • 

^quantif rcation' aftQ' the set operator ({..}). .To un<^erstand the 
factors- . motivat^t^g- this chpice of representation, see 
' Naah-Webber (1978) . ) ' 4 . * . 

2.3 . Examples of Product iveMnferences . 

" ' Of the three inference schemata I shall discuss here, the 
first two can provide non-explicit antecedents and refer^ts fpr 
" definite pronouns, while the third 'provides ant/ecedents for 
"bne"-anaphora . The first inference schema (presented in a 

\ ' ' ^ . ^ { ' 

somewhat simplified form here) applies to existent ially quantified 
propositions in cases where the* existential qiiant if ier^ has widest 
scope . . * . 
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(Ex: A) . Px,==> (Ey) , y = : 'Az & Pz & evoke S^,z 



' ^ • . :■ ' , • 

informalLy, if -a proposition ? states that there is a . 
•inember of class A for which P is true, then there exists, an 
^dividual desCribable as "the A which P'si which was -mentioned (on 
evoked) by Sj". ' Since a unique dj^scription can be ascribed to ' ^ 
this individual, it 'can be "referred, to anaphor ical-ly with a 
, definite pronoun". ' For example, ' * 
(l^)a. W^ndy.ate an apple.. 

. _ b.' It'had a Worm'inside. i " ' 

Sentence 15a. can be represented simply as 

(Ex: Apple) . Ate Wenj^y, x 
Since ' this Ji^atches the.^left han<3 sid^ of the above axiom schema,; 
\ it followsf that^ * . ^ 

'(Ey) . y.= ^2: 'Apple z VAte Wendy",2 & evoke 8^5^,2 

' * ' / ' ^ ' ' 

i.e., there exists an individual describable as "the apple which " 

^ Wendy ate which was mentioned in sentence 15^. The individual is 

the discourse entity referred to by "it" in" sentence l'5b. and the 

above definite description is its antecedent. 

The second inference schema for definite pronpuns applies 

* ■ ' 

whenever a ndn-negat ive sentence contains an existent iallv ' 

«C , quantified, noun phrase within the scope o^.*^ '\3niveTsal 



(Vx:A) (Ey :B) . P x,y ' 

==>- (Ez) . z = {wlBw & (Ex:A)^ . P x,w} 



i.e., ' informally, if £or every A there exists a B such that P^is 
true bf the pair, thep the.re exists an .individual describable as 
"the' setS^f B's for w^jich there i^ *some A that stands in relation 
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P to 'it". Since*, a on fqiJex "description is asoribable tb ' this 
individual, it can be referred* to with a definite pronoun. For 



example, 



(16)a. Egph boy gave Wepdy ^a shirt, 
•b. None of them^ fit.* 



Sentence 16a. can be represented simply as 
(VxrBoy) (EyrS-hirt) ,^ Gave x, Wendy, y- 

i • o' 

Since, this matchjes the left-han^ , side of the second axiom scheit^^, 
^ \ . ^ s, 

it follows 'that " ^ ^ • 

'(^2)'. 2 = {w*|Shirt w '& \(Ex:B6y) . Gave x , Wendy .* 
i^e., ,^there' exists^^a^ individual' describable as "the set of 
shirts, each *of which^sofne boy"* gave to Wendy". This is ' the 
discourse^ enti^tV referred to as "they" in^ example 16b. - 

• -llie^N^hird ■ inf^renc*e schema I will discuss ^ produces 

non-explicityahte^edent3 , for "ohe"-anaphora . ' Consider example 

(6), repeated here: * , ' ' ^ 

(6) I have a. '71 gh. Figeac, a '76 Fleur ie ,^ a 71 Ockfener ' 
Bocks^tein .and a* '75^ Durkheimer Feuerberg" in' the -cellar. 
Shall we hav-e tlie* &rman ones for dinner? 

• J 
In this, example,. the n speaker has turned * an explicit set 

description (i.e.,* the p«?esented Itst) into an implicit set 

description 4i.e-., onj l;^ased on ^a defining property) and then^ used* 

the latter description as an antecedent for "one"-anaphor^i^j^ In 

doing so; the speaker presumes the^ listener' is both abfe^ and 

'willing to do the sanfe. .(That is, the speaker appeals^to the 

^Inference * contract/, mentioned in-" the .previous section.) The 

N ^ ' V ^ ' ' ^' . ' 

unanswered questioi) is why sucH an inference from explicil to 

•■ *• ^ • * 

' ■' , - 13 .- 

■ • 16.. : • ■ ' • 
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implicit, set* descriptiqn should occur and mor^ov^r be, predictable . 
<*3>. . , , ■ ■ 

3* Inference and Surface Anaphora 

* "Surf ace .anaphors" are so callet3 j;^ecause th^y are seen to be 

purely surface phenomena. The p/imary condition for a successful 

surface 'anaphpr-antecedent pair (cf^* Hankamer & Sag (1976), ^and Sag ; 

(197,6)) is that the antecedent'^f&nms a coherent^ structural unit at 

the ilevel of surface syntax or tf\e level of logical form*' (subject 

to som^ type of Backward Miaphor Constraint), -yowever, that 

' ' » / ' % ' 

condition is no*t fulfilled/ in the foldgwing -examples which^ 

illustrate different types of surface anaphora," 

Sluicing / 

\ ■ ■ /■/ ■ ' 

^ (18) Wendy is going to/Sri^in and Bruce is going to Crete, tut 
in neither case do /i know why 0, 
.0 = that person. i^ going where s/he is going 

/ / • . ' 

"Do so" Anaphora / ^ 



(19) Wendy's car was repaired today, by the same guy who had 
done so las): week. (after Kaplan <1976)) 

do so = repair Wendy's car- ^ ' , ^ 

Verb Phrase- Ellipsis 

- r • ^ 

(20) I can walk and I can chew gum. Ford can^ too, but n6t 
at 'the same tM^e. ' ' - ' # ^ 
V =^alk and ^ew gum * 



<*3>. One might note ia passing that - the ^irst two inference 
Schemata .depend sol^ply on the form of an utterance, while ^jthis 
't^ird one* depends on its content as well. Thus worjj^ knowl'edge 
can be seen to, play a part .(although , would argue ,pr small one) 
in deriving possible antecedents as well as in choosing between 
theifi. 
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(21) C'hina is a country that 4iixon wants to visit, and' he will 
0 too,, if he gets an invitation soon* ^ 
0 = visit China » ^ 

' * i ' 

'Phe problqm is that of accounting f^)r' such' exceptions to th-e 
above constraint on surface anaphor-anteced'eht pairs. One w.dy to 
do' so is to again" invoke inference, the remaipder of this 

section, I shall -first sketch, a^lbeit briefly^^an approach bo verb 

phrase ellipsis based on identity of' predicatic)^ at the level of ' 

. ' . ^ \ 

l<S)gical form. 1 shall .then argue that inference can play a part 

. i " V . ' ^ ^ ' \ ' ^ 

in deriving additional logical! forms whose predicates can serve a^ 

antecedents for elllpsed verb phr^s^s. I ^shall illustrate this 

^claim with' two example^.' ^'.Others can be. found jn Nash-Webber 



(1978)... 

'Now if examples* such as those above are ign6red, the approach 

4 

to' /verb phrase • ellipsis (or "verb phrase deleti^" VPD) 
pVese-nted in Sag (1976a&b) provides an adequate account. Sag's 
thesis is that verb phr-ase ellipsis is conditioned by identical 
predicates (rather than toy identical V'Ps or identical substrings) 
in a, logical fojm repf'eaent^t ion of t^e .two clauses involved, 
(identity here is determ.ined modulo ^dif ferencgs in the names of 
bound var iable^T^'i .*e . „ "alphabetic var innce?* .') This log ical form 



representation makes • essential use of fehe lambda operator both to' 
bind variables and^ to ,.f (3rm c^^omplex predicates which, may themseK^es 
contain quantifiers and logical connectives. For example, Sag 
*(1976a)/ assigns the sentence '"John ^scratched his arm" the two 
I'ogicalL. foVm representation's ^ 



/ 

/ 
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■ 'a..Johhj^, ^(5C)'(x scratched his^^ arm) ' 
, • b. Jbhn^'f y^yx) {x scratched x's arm) . " ' . 

^Kat there are / twp ^ - possible logfca^l forms'- for this sentence 

'explainsv the/ ambiguity to be \j^und in a subsequent .ell ipsed " verb 

, phrase ^entynce like . ' . " * / 

^ Fred*,did 0 too*- ^ ^ ' - 

m {Did what? Scratch'ed hi*s* ow^n ^ ajm 4^ *r scratched , John-'s?)' Sag 

* -claims t;hat' • - • • 

^ V ./ ' . . . , ^ -y^ ' . , / 1 . ^ ; ' 

y^ith '.respect tO; ;a' sentenc'e ^^v! 'V.PD can.-del^te. a^ay^VP in S 
' ' whose r epr ^s^ntat iqn at t:he .level / of •l!pgical. j form is .'a 
' , l^mb.da-expT"ess4on - that is ,^n *alphabe^t;rc'/vaV-iant of another 
• Iamt>da-^expijes^l6n present^ in* t^e* logical 'iprm^ of*, S ^ or» in - . 
^ t^h^ logical form of some d£her * s^n'tence' S' whi.ch f^n^cedes S 
/in the'discou'p'se . (S^g 'i976aj., ** • • - ^ * 

lr\ 'shqr-t, Sag shows .that "^by/ioakin^ afe\sent%nces in terms of 
the predicate-argurifent ^^elations .they . eJTpress , a. clean 'account c^an 
be given'of Verb phrase.^ ellipsis! .^b'ajYlng .fb^ initial * set' 

of examples).^ T'hi^\ in turn- gives credence to ^^the 'psycholog ical 
reality ' of ^.some"^ typfe-. of illogical; represent'atipn" withiri the^ <3ual 
processes of' itext gener^ vorj^.and/ comprehen*sion • ; 

, * But if th^ 'grocess^'vof * forming, a'logical representation is 

part of the normal process of .^hde^r stand'iVig t^iscourse 'then ' it is 
' ^ / *' ^ * ' * * . 

possible th^at ■ alternative .wa]{rs . Of. uritJer'standing, a sentenoe or 
' '-^ ' , * ' ' 

sequence of sen^^nc^s/ or' even valid,, *salient 'implication? ' of 
sentences may alsp ,prQvj.,de lamlpcjanpr^'dicates for verb phrase 
I • ellipsis/ 'And this is the poirjt I' want t6 \s.tress: Where^as^ 
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Hankamer & Sag's .condition implies ' a \/ery .stat'ic viey/ of vej'b ; 
phrase' ellipsis'^ and ^^^other .surface? * anaphora, » the above * 

/ . ■ \ ' • ' - 16.- • ; 
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procesg-or i^nted v.iey suggesbs that^ va more plastic approach is'' 

justified, the proviso seems to "b^ thajt' the f^rm of expression of 

• ' * ' ' k " « * 

the derived proposition daes not ^d'if fen radically from the >f orm .of 
* \ ' • ' \ - ' ^ s 

those expl^icitly given. \ ' \ ' ■ ^ ■ . 

■ • Now "alternat ive ways of uncter stand irig-^'* - and "valid 
implications" are ^'both notion^ which involve inference. 'But *not 
every valid inference* provides lambda-*predijC?.tes accessible to 



verb phrase en.rp^is 



otic 



. V, 



or ex^mple> tlie following,, axiom relates. 



the notions of "selling" and "be ing' bo^ht" . / ' • • ; ' 

* (Vx)(Vy)(Vz) . X, X(r)'[r sold y^to^z] ==> ' . ' . 

Yf 5s.(s)[s was bought by z] ^ ' 

• i.e., if any x sold any y to '^any z, then y was bought by z" . <*4> 

Notice that this axiom is not sufficient to pro*duce a, predicate 

"'^^s bought by z" , given an explicit ^predicate "sold y to 2L? — 

^ {22J Bruce sol^i waffle iran to Wendy, and aa elex:tric 

wok was 0 too. • ^ ■ , " . ' ' 

- 0 ^bought by Wendy ' ^ - ' - ' 

/ . ^ ■ ■ - 

Unfor t.unately , ^side from the caveat that the logical .forms 

of both the o^^ert sentence (s), .and. the. derived one ^e "similar" in 

some undefined sense/ there, are no.Jiard .and Ifagt rules' delimiting 

the' class of% -productive inferences relativ.e* 'to verb phrase* 

- ' ' . ■ • , r " ■ ' 

ellipsis. What I shall do in^ the space remaining then is to set 

i 

down '^wo inference schemata which account for the two problematic f 

_/ 

<*4>. • For the rema-inder of this paper , I will' be following Sag^s 
intuit ivel/- clear convent ions As'ag 1976a&by for writing logical 
forms^ However-/ for . computational purppses^ at least, a njore 
rigorous formalism is called for (cfV Nash-Webber (1978)) 
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exampl^es^ Qf verb phrase ellipsis presented aboveH (examplee 2^) and 
. 21) . . • • ' . ^ ^ 

Tl^e^ first inference schema "is applicable to' a sequence \Df 

^pr7>posita'Ons wx.th identical subjects and,.auxiliar iesr its effec 

is to abstract^ a^ new , predicate off of the common argument/ 
* * 

^«^^AUX( X(r) [P r])' & \, .AUX( >Gs) [Q:sl) ==> 
^^Y/ AUX( >(t) [P t & Q t]) . " • ^ ' 

AUJ^, . the seate-nce auxiliary, is interpreted as an operator on 

1- ' * ' . ' . ^ ' * ^ ' • 

predicates, although up to now, i't has been om^itted-for simplicity.*- 

Informality, thi$ 'schema says that if y P's and y Q'S, then y P's^ 

and Q's. The propositions on either side of. the* implication, 

while structurally different, are semantically -equivalent (at 

. least < with respect to an eXtensional\semaatics) . 

To illustrate th^ application of .this ' inf et'ence schema^ 
reoonsi^der example (20),, repeated belo\<r. * 

^ . ^ ^(20) a. I can walk and I can chew gum. 

' , b. Jerry can 0'too, bul: not at ,the same tim.e. 

^ Sentence- (20a) can be represented as <*5> ' ^ . 

I, CAN(-X(r)(r walf^] ) & I, CAN(>(s)[s chew gum]') 

Since this ma*tch*6s th^ left-hand side of the above rule^sc^ema, it 

"folLbws 'th^t ' , * * ' ' 

I, Can ( >. (t) [± walk \ t chew gj^m] ) ^ ^ ^ . " \ * 

Thas has as a const itue"at the lambda predicate 



. <*5>. * This is actually simplification* of the procedure T 

"follo^w throughout Nash-W&tJber " (1978 ) but the essential ideas are' 
tb€ same. > * 
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" [t walk & t chew-gum]. ' ' . 

i.e.,^- "walk and chew gum", which' is 'intuitively the correct 
antecedent for the ellipsed*v^rb phnase in sentence (20b). <*6> 

' " the second » rule sdhema I - will discuss here appl-ies to 

statements of restricted class ^membership. Its- effect is to / 

derive a proposition expressing the restriction alone, whose 

* lambda predicate " is. accessible to verb pfrase ellipsis. Since I 

'dp not have the space hefe to motivate the notation I need to 

express this rule , schema formally, I will express it -informally as 

<x> is a <B>' which <y> <C>s ==> <y> <C>s <x> 

where <B> -i^ a"^ class description (e.g., elephant, snowmobile, 

etc.) and <C> is a verb phrase whose subject' is ^<y>. To 

illustrate the apE>licat iojh of this rule schema., reconsider^' example 

(21), repeated below. ^ 

(21) China is a country that Nixon wants to visit, -and 

"he will 0 too, if he gets an invitation soon. , ^ 

Proceeding informally, the first clause of (21) matches the 

left-hand side of the above rule schema. It- therefore follows 

that 

<*6> . The reason for requiring the gonjuncts to have identical 
^xiliaries is the strangeness of those examples in which ttifey do 
TOt. For example, , ^ ' ^ ' ♦ 

Bruce attended Harvard, and now he i^k)ing to MIT. ' 
Fred {did, does, will-, is} 0 too. 

t 

"Fred did 0 too" seems »to imply only that he attended^ Harvard . 
"Fred is fil too", seems to imply only that he is now going to^ MIT. / 
The other auxiliaries just seem bizarre. The sense that Fred f 
also, attended Harvard and is now going to WIT does not seem to be * 
'conveyable using an^ellipsed v^rb phrase. ^ ^ • " ^ 

- 19 - 
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Nixon wants to visit China 



i.e., using Sag's notation for ^lambda predicates, 

Uixon, X(r)[r wants {r X(s)ls viiit China] }]^ ' 
This 'has as, a constituent the lambda predicate ^ ' ' , 

A(s) [s visit China] , . - 

which ^intuitively is the intended antecedent x>f|^he ellipsed, verb 
phra&^in the second clause of (21). 



4. Conclusion 



In this paper, I have discussed the concept. of inference as a, 
factor in the der ivat ion^ of non-explicit antecedents and referents 
for discourse anaphora of-both deep and surface varieties. I have 
shown how , inference schemata can be applied to a formal 
representation of the discourse ' to produce > additional formulae 
which suggest, through , their structure, possible anliecedents' and 
referents. I have tried to motivate this as part of the normal 
process of text'-understanding . I have claimed the use of 
non-explicit antecedents and referents for anaphoric terms depends 

on _.a__ contract between speaker and listener. This contract 

stipulates that if the former uses an anaphoric expression whose 
antecedent or referent was inferentially derived, th^latter both 
can and will .make the same ' inference . Insofar as many^of these 
infeijences rely on one of the few*things explicitly available to 
both speaker and listener - i.e., fehi^ form b^^ the utterance - the 
.search for productive inferences vis a vis discourse anaphora is a 
matter of linguistiO^concern . 
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